Precancerous Conditions of the Large Bowel
Precancer will be used here to describe those conditions in the large bowel which have the microscopic characteristics of epithelial dysplasia, often sufficiently severe to be called in-situ carcinoma. Such epithelial dysplasia is seen in certain benign polyps of the large intestine, in familial polyposis coli and in ulcerative colitis.
Benign Polyps
The terms adenoma, papillary adenoma and villous papilloma are expressions which describe a spectrum of growth patterns which can be observed both macroscopically and microscopically. At one end of the scale there is the typical villous tumour with its shaggy surface appearance composed of thousands of finger-like processes. At the other end the adenomatous growth pattern has a smooth surface configuration which is broken up into lobules by intercommunicating clefts. Between these two extremes there is a transitional or intermediate morphology which can be labelled as papillary adenoma. Exactly the same spectrum of appearances is seen at a histological level of observation. However, the cytological features are identical throughout the spectrum of this growth pattern. Varying degrees of epithelial dysplasia are seen, often amounting to carcinoma-in-situ or focal cancer.
The evidence for the malignant potential of adenomas and villous papillomas is mainly indirect and has been described in detail elsewhere (Morson & Bussey 1970) .
The polyp-cancer sequence: Inspection of the surface of cancers of the colon and rectum will often reveal apparently benign tumour in continuity with cancer. This benign tumour can have an adenomatous, villous or intermediate type of growth pattern. Likewise, it is common to find small foci of invasive carcinoma in tumours which are mostly benign. These appearances are usually interpreted as evidence that the cancer has arisen in a previously benign tumour. The polyp-cancer sequence can be illustrated in detail by microscopic examination. If large numbers of cancers and polyps are examined, a composite picture emerges. All stages of a histological process, from clearly benign and noninvasive tumour through appearances which can be variously interpreted as severe dysplasia, carcinoma-in-situ and focal cancer to the stage at which neoplastic tissue is invading through the muscularis mucosm, are readily shown. 'Early' cancer and 'malignant polyps': There has been a tendency, particularly in years past, to apply the terms 'cancer' and 'carcinoma' to lesions which are, at worst, in the pre-invasive stage (whether called adenoma, papillary adenoma, villous papilloma, epithelial atypia or carcinoma-in-situ). Some pathologists will make a biopsy diagnosis of cancer of the colon or rectum on the basis of cytologic changes only and in the absence of invasion. This is unfortunate, not only because it may lead to unnecessarily radical operations, but also because the patient may be wrongly registered as suffering from cancer. It is possible that this problem may, to some extent, account for the variation in the incidence rates and prognosis of intestinal cancer reported from different hospitals and different countries.
Genetic studies: There is at least one report of a familial tendency in patients with adenomatous polyps. If there is a genetic factor in the develop-ment of intestinal cancer, as well as in familial polyposis, then the possibility of a genetic factor common to both adenomatous polyps and cancer has to be considered.
Histogenesis of intestinal cancer:
There is histological evidence that at least half of all cancers of the colon and rectum arise from preexisting adenomatous polyps or villous tumours. However, there are workers who deny that adenomatous polyps have any malignant potential or state that they make only a small contribution to the total amount of cancer. Such a position argues for a different histogenesis. It is suggested, for example, that intestinal carcinomas arise de novo. It is not exactly clear what is meant by those who use this expression. If they mean that cancer arises directly from the cells of the mucous membrane without any intervening precancerous phase then it must be stated that this has never been described.
Age distribution of polyps and cancer: Granted that adenomatous tumours play an important role in the development of intestinal cancer, a comparison of the age distribution of adenomas and cancer has some interest (Fig 1) . The similarity of the age distribution curves is noticeable, the only difference being a displacement toward the younger age groups in the case of benign tumours. This displacement represents a difference of five years in the average ages. The close approximation of the curves not only gives further evidence supporting the adenomacancer relationship but permits the suggestion that the age distribution of intestinal cancer is mainly determined by the age distribution of benign neoplastic polyps of the colon and rectum.
Natural history of untreated adenomatous polyps: At the present time we have no means by which we can measure the time it takes for an adenomatous polyp or villous papilloma to turn into invasive carcinoma. However, a rough idea of what may happen comes from study of those occasional patients with a benign polyp who, for one reason or another, have refused treatment (Table 1) . Such direct observation of cancer developing in an adenoma or villous papilloma is very rare, but the evidence suggests that it usually takes many years for a benign lesion to become cancerous. 
Polyposis
The microscopic features of the polyps in familial polyposis in no way vary from the histology of the common solitary lesions. In polyposis, there is considerable variation in the severity of the epithelial dysplasia from polyp to polyp. Cancer always develops from a polyp, but why some polyps rather than others become frankly cancerous is a complete mystery. The earliest sign of polyposis can be seen in single tubules or in small groups of tubules. It is evident that this is a discontinuous pathology, and it is again a mystery why polyps should develop from one small area rather than from the entire mucosal epithelium.
The need for indefinite observation of polyposis patients is illustrated by a study of the length of the precancerous phase in polyposis. This can be measured by a study of the age at onset of polyposis and cancer (Table 2) as well as groups of patients who, for various reasons in the past, were left untreated although the diagnosis of polyposis had been established. It will be seen from a study of the age at which the diagnosis of polyposis with and without cancer is made that the polyps appear before the development of cancer. The length of the phase of polyposis before cancer is, moreover, very variable and may be anything from about five to more than twenty years. The average length of the precancerous phase is about ten years. This variation from patient to patient in the time lag between polyposis and malignant change could be relevant to the natural history of solitary adenomatous polyps. Moreover, it must be remembered that it is only one or a few of the polyps in polyposis which become cancerous. It is conceivable that most of the others would not become malignant during a normal life span. It is also reasonable to suggest that in view of the undoubted genetic cause of polyposis the distinction between 'polyps' and 'polyposis' may be only a matter of number and the detail of the underlying genetic mechanism.
Ulcerative Colitis Recent studies have shown that the development of cancer in colitis is preceded by a phase of epithelial dysplasia or carcinoma-in-situ which is comparable to precancer in the cervix and other organs (Morson & Pang 1967) . Such precancerous changes can be focal or patchy, involve large areas of mucosa and even the entire large bowel.
They are more often found in flat mucosa than in a polypoid mucous membrane. The presence of polypoid precancer does not necessarily mean that the epithelial change has occurred as the result of neoplastic transformation of an inflammatory polyp. This can occur, but is probably rare.
Precancer in ulcerative colitis can be recognized by microscopic examination of rectal biopsies. At St Mark's Hospital the colitics specially at risk from cancer are watched by regular rectal biopsy at about six-monthly intervals and because of this policy we have been able to observe the development of precancer. All grades of epithelial dysplasia can be seen in such patients and with the passage of time it is hoped to gather information about the natural history of the precancerous phase of ulcerative colitis.
Conclusions
It is probable that most intestinal cancers arise from benign neoplastic polyps, that is from an adenoma, a villous papilloma or a morphological variant of one of these. It is not known whether all adenomatous and villous tumours will inevitably become cancerous if left untreated. The time it takes for such tumours to become cancerous is probably very variable, and it is not possible at the present time to measure this. It does seem, however, that many years may elapse before they turn into invasive carcinoma.
Familial polyposis accounts for only a very small number of intestinal cancers in the general population, but it provides a very useful model for the study of malignant change in benign neoplastic polyps. An attempt has been made to measure the length of the precancerous phase of polyposis and the evidence again suggests that this is very variable. Although polyposis is a genetically predetermined condition this does not exclude the possibility that environmental influences are also involved. For example, it could be postulated that the polyps are inherited, but that the development of cancer is due to environmental factors which operate differently, accounting for the great variation in the time it takes for malignant change to occur, as well as the fact that only a few of the polyps become malignant.
Ulcerative colitis also accounts for only a small proportion of the total intestinal cancers in the general population but it, too, provides a useful model for the study of the genesis of cancer of the large bowel. It would seem that long-standing ulcerative colitis predisposes to the development of a diffuse epithelial dysplasia which can become sufficiently severe to be called carcinoma-in-situ. The diffuseness of this change accounts for the high frequency of multiple invasive tumours and for their morphological resemblance to gastric cancers rather than ordinary carcinoma of the large bowel. The length of this precancerous phase of epithelial dysplasia or carcinoma-in-situ is not yet known, but it is hoped that regular rectal biopsy in cancer-prone colitics will eventually yield useful information. At the present time it would appear that the length of the precancerous phase of ulcerative colitis can, at least, be measured in years.
How do these studies lead to a better appreciation of the etiology of large bowel cancer? There is a little evidence to suggest a genetic factor in the genesis of solitary benign polyps. This genetic predisposition is more pronounced when there are multiple polyps and is most apparent, and proven, in the syndrome known as familial polyposis coli. Familial intestinal cancer also is not uncommon. However, this does not rule out the probability that environmental factors play a part, perhaps the most important part, in the development of polyps themselves as well as the later development of invasive carcinoma. More exact information is required about genetic predisposition to the development of polyps, polyposis and cancer of the large intestine. Such research should be carried out in conjunction with epidemiological studies, backed by accurate pathological diagnosis, and directed particularly towards investigation of geographical and racial variations. This approach should provide information about the environmental factors which must be concerned in the development of both precancer and cancer of the colon and rectum. The geographical approach to the understanding of disease is based on the comparison of incidence rates in populations of varying ethnic or genetic background, and from different physical, cultural and socio-economic environments. If we add to these variables changes in incidence over a period of time we have the triad of descriptive epidemiologypersons, place and time. Oettle (1964) has suggested that at least 80% of the cancers affecting Western man are attributable to his manner of life, and so are potentially preventable. He emphasizes, however, that this does not mean that the genetic constitution of the individual group is of no importance, for neither heredity nor environment can operate in vacuo (Oettle 1967) . Nevertheless, for the purposes of investigating the causes of an individual type of cancer, comparisons of the environmental factors in areas or populations with widely varying incidence rates may reveal clues to its etiology. The process of searching for determinants is called analytical epidemiology. Unfortunately, the etiology, whether of a cancer or any other condition, is usually multifactorial and it is the association of several factors which culminate in the development of tumour. Furthermore, the very complexity of the environment in technologically advanced countries makes it difficult to isolate individual factors, whereas in the nontechnological rural environment found in many parts of Africa it may be easier to identify new carcinogens or to exclude the presence of known carcinogens already detected in other environments. Dr Morson has referred to a number of conditions which appear to be associated in individuals with the development of carcinoma of the large bowel. These include adenomatous polyps and villous papillomas, polyposis coli and chronic ulcerative colitis (Morson & Bussey 1970) . Our task is to consider the epidemiology of cancer of the large bowel, of the conditions which appear to show a strong association with large bowel cancer in individuals, and finally of some other conditions of the large bowel which, though not showing strong direct associations in individuals, may by their relationship in incidence serve as a guide to the etiology of bowel cancer (Burkitt 1970) .
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Examination of some of the annual incidence rates per 100,000 persons in the age group 45-64 years from different parts of the world reveals high rates in the westernized parts of the world for both colon and rectum, with very low incidence rates in the indigenous population of subsaharan Africa (Doll 1967) . Countries such as India, Colombia, Chile and Singapore have intermediate rates. The evidence presented at the 1965 IUCC Conference on tumours of the gastrointestinal tract in Africa (Murray 1967) indicated that the low incidence of large bowel cancer was to be found throughout the whole continent in the indigenous population. Nowhere did either rectal or colonic cancer exceed 3 % of the total cancers. In this respect north Africa is similar to the rest of the continent, though, as with so many other conditions, the subsaharan pattern differs from the northern desert areas. The uniform low incidence of carcinoma of the large bowel also contrasts with the patterns of carcinoma both of the cesophagus and of the stomach which show foci of high incidence in a background of low incidence. In South Africa the incidence rates of large bowel cancer in the white population, though lower than those in the US white, are much higher than in the indigenous peoples. In general, incidence rates in immigrant groups tend to move towards those of their new environment.
When comparisons are being made between the incidence rates of cancer, it is important that like is compared to like. This means that increasingly one must look at the incidence of similar histological types in more precise anatomical regions. Thus, to compare the incidence rates of all malignant tumours of the skin, or of the kidney, for example, is largely meaningless because of the very variable distribution of tumour types within each category in different geographical areas. Certainly from the epidemiological viewpoint, tumours of the lymphoreticular system and
